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Uod «d use of a light ^J^ZZZZZa-rtto tb.pb~.ta bU» of . 



netted and ose of a ngra '"^"^ influencing the phase of a melatonin " ^o,, „f melatonin 

radiation (Melatonin 
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nWect and a light source for use in this 

method 



I„ the last decaoe the taowledg isteted to the human 
t^endouslvandhasmade^^^^ 

omolo^^.Cons^uendyU^^ 

n»io I pa rtb asedonadn.«is^ 

ofm elatooin suppression forU ^^ dspecttal coraposi tio„ of the U0,t radiation, see 

snppressionbeingdependentondoseands^^ P Melatoninisahorffi o„e 

AyttimS . Melatonin. generaUy known ^ ^ risk on m ak>ng 

t h ehu ma nsubiec,Hence >W nen*erne«1 ' ^^^^ 

^u.atesaler.ness.areladve^ 
20 A ead B »yofSc fe nces453(1985). P 376- m*** sing melatonin is in the natural 

daUycyclepossibleinthe 'dark hou* so W ' „ w , the level increases in dre 

evening, andreaches atnight - dde ^ .^avetoworkanddnveat 

accidents, and/or arehk e.y ^ 
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. . me(h od via which the risk on 
Itis anobjectof the invention to provi ^ is ^ced. 

According to the m vention,tmsob, feh ^ subject having a cycle 

of melatonin ^«^*~^,«^«r^^"^ 

exposing the human subject dunng an P ^ ^ 

5 raAationinde.ndenceorad^^^^ 
being«hesupp«ssiono f saidn*l^ 

p^ofs^cycle.opuonanywhr . beWee „ two exposure periods, 
output fraction andlight output bemg adjusted 

^vityiorscotopic^on^awa ^ ;th ^ ^pic night ^on 
tt.attf.e melatonin suppress.onsens.^ty.c J . K is parti cularly surpnsxng *at 

420 nm, and these are present m amoun 

Ughtreceptorsintheietina. that SU ch short wavelength Ught is able to suppress 

Uisparticularlyadvan.ageou.that^ch* ^ increased efficac y. In 
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afferent optical nerves have aneffect on ^^^eo&W 

5 ftat adn^ist»tionoftighttonon^a,pamom V oftheprcsent invention is 

^° f - S ^ A ^^rl— tootherpa^ofthebodyis 

admimsteredocolatiy.but.t^be^ 

aisoenvlsagedBesides, the doses to suppress melatonin as fun 

taownforfullydilatedpupils. ^ .j,^ me ^atest sensitivity to short wavelength 

^experimentsdemonstrate^^e ^WngBght 

S ensitivitytoUghtintheregionof420-460nm, ^ 

15 ^^-^^^^T^tt^ Lgh-ultiaviolethghtshonld 
. ■rC'r; t A— nsuppressive 
beavoidedanordertornintmrzenslttothesubject ^ , igh , sourC es, 

or also in other Ughtgeneraung objects, forex p Uca tions of light 

20 

ramationforeffectivemel^ 

present data several basic opttons for spectral # 

distinguished: Ught for conect task 

(lux means lumen/m ). Appu^" ftllt nnnr 

moon lieht means a visible Ught level oi ie^ 
are in evening and night for example for drivers, correct task 
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lisequaltooneWattlnfonnula: 

To calculate the luminous flux and the melato 
Watt* the following fonnulas have l*en use* ^ ^ , y ^ 

Melatonin Watts:= £ (PW 
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In which: 



V (X) is the eye sensitivity flux; 

Rg ure4showsatyp 1C almelat latoninsensi tivitylsa.o. 
^^aso^^ex^^^ 
dependent on me tnmsnus S1 on of thelens of J^^ onviaU ght«^<» 

20 generdlydecteasesby in—gage of theh 

^.henbecalculatedaccordrngto M(M . T(M ). 
Melatonin Watts M*<M- ^ ' 
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ia^*-^^^ 

m imusthave gpod^«^^ t, ^^ 045MlWo ^W-iW-t«-** ,t 

toformadistuTbanoeforthetwckto 

incircumstancesthatpeoptehavet ^ ve Ration together with a 

conditions are necessary administered. Examples u 

^auvelyMgha^o^ 
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r ^ecolortemperotureistelatively high which 

XOOiu^attisobtainabiebyas.ng.el.ghts^ ^ having a rela tiveiy 

high lumen output, for e ^ ,e 8 '^^^.^^^so, is combined with a second 
>e 200 lumen/Watt and a color rendering index ^^^^ radiation output, for example a 

^mistakes «»^^^^ taB ^^ -toh ^Ud-— - 

20 ^fis.preferablymeoutputfracuor, fm~ s "^^^^w 
Wa nWatt.Suchap P Ucationscanbefoun ^ for eldetly but also for parents 

25 their woddng/ob^adon room. Such^hg^c ^ 

^--^^^O^MelatonmWat^attU.-O^ 

Melatonin WattWatt or vrceversaand the h^ g ^ ^^^^^d-V 
30 aourcehavingacolorrenderingmtoRa^*^ fc(jN-fc ***. 
^melatonin 

condnuouslysufficientughtis^^^^^ 

ashort period with suppressive light and endmgwuhap 
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, — -fter the niRht shift and prevent any phase shifting of the 

i.hvadiusttaR the lamp voltage. M example or sucn a & 
0 adjustablejorexamplebyadnistmgtn ' (QL) . fa the embodiment 

r supple— o^uo, 

65 during nominal operation. : nven H on the method is characterized 

mthat filtering means are usedfor ad JU stmg the ^ s<erM 

possible** persons to operated same — ithout interruptin g his 
25 awakebyinterruptingrdsmelatomnbuiH-up.andforanotherperso 
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periods and, cor^rmtantly. drowsiness dunng destred *^*\ 
^P— *rdete^^ 

shift workers, trans.merid.an travellers, the aged u ' ^^^^w. 

irradiances of monochromaUcUght,Brainard and b 474 _ 542> 576 

a985)376-378]con=lude4thatU gh tof 5 09r m wasrnoreeffect 1 ve«h 

and 604 nm light, resetting a circadian clock in 

, ^ mn ri^ the administration of non-solar iigm u> 
15 humans, which comprises tne aouu 

US .A-5176133,XJ ^ phase ^d ampUtude of the 

mefcodsforaocuratelyassessu^^ 

wave 1 en^ofa to ut509 ra nwa S *ernostef f ec n ve^ a sing , e dose of 
wasbecause of the problem of exp^^ 

expression was measured. w to subject neednotbe 

^1^11— isessendalmatOtereoesufficientofthe 

suppression. _ where substantially monochromatic 

Jnge^nu.theluxleveloftol.ghtsource where^ 

f a(\ hiT or greater for wavelengths below <*ov »" 
W amountsof power. Ac«^y-U^ fc ^ toproVlde 



light was ai 

25 
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and 500 lux, with levels between 70 and 300 tang 

between about 80 and 150 lux. fliAtv ^ be detemn n edbymanyfaotors,includi n g 
DurationofadministrationofUghtwulbedetemnn ,. nacemaker andthe 
•„.,t» r.f the adiustment to the cneadtan pacemaKer an 
fte^ofthetadividual.the.nag.ntudeo the hen ^ ^ is not odterwise 

5 desh^result.Ingeneral,adnun^ 

15 d^^^^^t^^ it sMymatthesepeopleeluter 

donotexpeHencesufoclent^ 

tod* amount of sunUghtptesentdunng^ 

common for the ciicadian ihythm of the eMcly to be 1 

,. „ht netiods of drowsiness dunng the aay. 
25 waKefulnessdudttg^entght,^^ ^ y ^ in the elderly 

Kecepuvenesstoshonw^ ^ „ t ^anced levels of short 

through agingeffeotsonmelensandcom^ ^ to reoefine and st^en 

the circadian rhythm in the elderly, mere y intensities are 

typicaUyhigher.sothatluxlevelsofbetwe^n elowerendo f the 
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^eda^ytotheeyesorotherp^of^ 

Asnotedabove.toewaveleng.hoffteh^t 
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Example. 

EXAMPLE „„v es fotii>4vidual,monochionvatic 
Ofeachsubject^flueaceresponsecurvesf^n Umtm 



15 -veleng.hsareestablished.TT.ese^ ^^.avclen^of Ughtto^ 

p^onissubstantiaUylo^thanexpectea, 



20 



• v Methods t h in stndv legs, each of which 

25 andsixteenlegs.Threeorfoursmdylegs.w 
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Tw enty-twosubiec te (4F; 18M) were selected, rangingin age 

«*, ^suhiectsweiehealthyadultsundernomedicauonexcept 
yeare (mean ±SD = 27 ±7 years). Subjects were neat y 

ainoranalgesicsortheoralcontraceptivepill. 

^ days before the tests, subjects were required to keeparegolar sleep wake 
i were asked to retire to bed at 23.00 h and arise at 07.00 h. 

« ^1 on to 23 00 h the subjects were kept in dun light « 10 lux). 

at -20°C until assayed. minutes at various times 

Each different Ughttreatmentwasgtven for SOmtnutesatv 

between23.30and02.30htobetwe^^^^ 

fixmeirgazeatapointmarkedinmebackcenrerofthesphere. 

AsununaryofUghttreatmentsisg.venmTablel.below. 
LthelX— ,subjectsplaced ft eirheud,ma4 5 cmmamerersphere 
r , inn The sphere had an opening cut in order to accommodate a 
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with a headband, was fitted to the sphere. 
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TABLE 1 
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provided by a metal habde arc lamp C 
USA). 
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. .„ the ewe riments. light boxes A andB 

5 uittavioletCO^andm&ared^ra 

Associates Inc., Fairfax, VA, USA). , m which required higher light 

^experiments^ ^ fcdintoone sphere by adapting 

nances. two^opUccahiesrrotntwohghthoxes. 

.heinpntport. hoW ed no UVenrission when tested with a Wradtomet« 

AUlightsoureesshowednoU ^ for decttomagnehc field 

(EMF) generation. All hghttrea 

levelofO.lp* fItM , at8 u different waveleng*s of maximum transmission 

nm XCohe I entEalin g ,V/atford,Her« S .UK)w« > P omWnationsof Kodak Wmtten 

The set up of the bght source d» 650 portable, 

20 Bgh tsUghU y — -^-^r^velengthsateyelevel.^ 
romrlch.Chadswo^.CAUSAoo^ 

Ughtwasmeasuredatsu *» * otedthateven if the detector was 
25 photometries L2d*, livingstone, ^^^^J^^^g Inadiance measured in jiW/cm 2 was then 

couve^edtothenumberofphotonsbyme onoctaomatic Ught -re also measured - 
The spectreleharactenshcsof them emission of Ught at each wavelength 

30 thmughthefilter.TWswasdonesomat.fthe^ ^^^^onoaieulahons. 
.nonochromaticUghtmemeasuredntadtance 
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ion: 



E=hV 

, h = P lank'sconstant«J.tf25 J :i^ Wa «^ 

V=frcquency of wave 0X^^(0 = 3.00x10 nm/s)/X) 

The^ifS^ofSOOnmofUghtism^men^berofphot^ 

is calculated as follows: 
10 First, the energy in 1 photon of this light » calculated 

E = hV (S = CIX) 

E = (6.625 x lO" 34 watts/s 2 ) x (3.00 xlO 17 nm/sVSOO mn) 
E = 3.975 x lO 49 uWphoton/s 
Thus at an irradiance of 3p.W/cm J 

Numte rof P ho t ons/^/s=(3^y(3^5xXO-'VW/photon/s) 

_ 7 5 x io 12 photons/cm 2 /s 
« tocalculatethetotalnutnber of photons givenfor 30 — of light 

ToUlnumberofphotons = (7.5 x!0 1J photons/cm /)x (1800) 
= 1 35 x 10 16 photons /cm 

JU ^i„„ then hotons/cm 2 /stranstnittedateachl0nin 
T„e total photons were calculatedbyadd,n B the photons/cm / 

, For example if a 500 nm filter only transmrts 50 % at 500 nm and 1% 
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curve. 

c Data analysis. . 

% melatonin suppression = (Nl lmM »30u 5 . riM )-N2 <m m,3(M5^) ) 

Nl(mcan3<H45mliis) 
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Data from all the subjects receiving the same 
(arimm eticmean).Themdividual data were log transformed andthen* 



R.transformins the values produced the geometric means ± variance. 



y= a - c . +c 
(i + C/ b ) d ) 

3Q y = % melatonin suppression 

a = response when Irradiance (I) = 0 
c = response when (I) is maximum 
x = total number of photons 
b = half saturation response 
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d= slope of line 

B) Results . ^.bestundetstoodandappteciatedbyrefemngto 

The method of the mvenuon is best un 
to accompanying drawing, in which: arainetet logistic eq^tion; 

Rg .4ashowsth. W avelengm^pendenceIona )and 
0 , ror«nh M and for older people, lens conecteu w 

tocurvesforscotopK(graphC)«.dph P> ionSon a relative scale m 

dependencyonthedensityofradrahonrnWattsper 

15 500nm); - th toe main areas A, B. and C of suitable radiation 

Rg .5 S howsadiagramvnm~n efract . onpof 

* — ^totTousflu.perWatt.me^g.e 

^^.W*"^^ - ^^ pressurememurymscha^P 
Bg.ashows.erm^- ^ ^^ngthe 

wavelengthXandthey-^s^enttng ^..^.^ sodium discharge 

Hg^showsemissronspecttao a whrte ^ gthe 

M .avdengthXandthey-axis^presenUng eterlogi stic equation were 

30 tesponsewasfixedatTOfrvalues^O^e 
^ua.dattitis maximum was as foUows: 

Measured and osculated suppressmn=0^___ 
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Where I = total number of photons 
a = half saturation constant 

melalonin suppression action spectrum. The best tuw 

. u „ The sensitivity for the melatonin suppression peaKs Between ■» 
wavelength regron. The aensiuvity to 560 ntn being close to a 

maxim alsen S itivityforphotop.cv 1 s.onat555nm.Thephot p F 
4. farther shows that the melatonin suppression sens.Uv.ty via the eye eioer y P 
wavelength, i.e. to a wavelength of about 475 nm. 
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Figure 4b shows the relationship between the degree of melatonin suppression 

the case of a fully dilated pupil. 

FigureSshowsadiagmm with areas of suitable radiation for a— the 

foA reaA«he,ighthasavery high mehtionin suppression ^^^^ 

Tghtingconmtionswimalmostthes^^^ 
15 LiUasaiowmelat^ 

various .m/W>= 100. Alsoin Otis area a distinction can be nrade between wiute.whrtish and 
colored sources. 

For the treatment of a human subject with the method accordmg to the 
20 invention, the method roughly may comprise the following steps: 

- determining the phase of the cycle of the human subject; 

- estimating a desired effect on the cycle of the human subject; 

- determining surrounding tight radiation effects on the cyclic melatonin 
variation of the human subject; 

"^"^•.h-.-*- during an .^ure ^od to the suitabie tight 
said cycle. 
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Figure 6 shows an emission spectrum of a low-pressure mercury discharge 
phosphate ^^^f^*^**"**^ 1 !*™ 

SaidLodfinditsapphcationinactivitiesinwMcha.owHghting.evensn^bum 
wb ich activities ^i-P^i"^"*—-^*^*"? - 

15 ofaboutSlu.andamelatorunsuppressiveramationintensityofaboutO.^W/m . 
fcanS^.Thisundesiredr^^ 

^ata b out 51 Onn 1 .Bythisfi 1 termeti g htin g ^velis decreased down toaboutllux, 

25 ^u.^^^^*"*^*^^*^'^ 

small decrease in the melatonin Watts/Watt. 

Figure7showsmeermssionspectraof^hi te "-mgh-pressuresod l um 

SU ppressiveramationofahoutO.<)9M«^^ 
ALasisnificantiyMgheroutputrractionofmelatomnsupp^ 

ie about the maximum of the melatonin suppression sensitivity. Bom lamps A and B have 
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• „. rRT >- 80 and an efficacy of over 220 lumen/watt. In 
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«. a. a ipHn B « of a human subject via suitable light 
A method for controlling the ^ involving at least phases 

supprossingotaUowingsaidmelatoninbuilt-uporbysttmulattngs 
^ the suppression of ~'^^*^^ iai ^M~*H* 

output fraction and light output being adjusted to obtained 
15 said cycle. 

melatonin suppressive radiation is >- 0.45 Meiat 
lumen/ Watt. 

20 , , me di„claimlcharacterizedinthattheoutputfractionof 

melatonin suppressive rawou 
lumen/Watt. 

melatonin suppressive radiation is >- 0.45 Meiat 
lumen/Watt 



25 
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5 Amethodasclaime^ 
n^lator^ 

lumen/Watt. 

6 Am emodasclaimedinclaiml,ohaiaot«^inthatth e outputftactionof 

100 lumen/Watt, the tight source having a color tendering index (CRI)>- 65. 

7 A method as claimed in claim 1 , characterized in that the output traction of 

taaen/Watt, the light source having a color rendering index (CRD>= 65andacolor 
temperature of >= 6500 K. 

8 A method as claimed in claim 1 , characterized in that the output fraction of 
lumen/Watt, the light source having a color rendering index Ra >- 65. 

9 A method as claimed in claim 1 , characterized in that the output fraction of 
20 lumen/Watt, the light source having a color rendering index Ra >= 65. 

10 Ameth odasclaimedinclaim 1, characterized in mat the output fraction of 

MelatomnWatt/Watt or vice veraa and the tight output fs>= 100 lumenmatt, thought 
25 source having a color rendering index Ra >- 65. 

U A method as claimed in any of the preceding claims characterized in that 

cho^nfromthegroupconsistingof filtering means, a shiftable tight source andahghung 
30 system comprising an adjustable first and second light source. 

12 A method for the suppression of melatonin production in a vertebrate subject, the 

^odconrprismgadmimsteringan amount of „on-UV Bght having a wavelengm of less ^- 
480 nm effective to 
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effective to suppress 



to a vertebrate subject, the method 
amountofnon-UVBghthavmgav 
melatonin production in the subject. 



the region of 452-454 nm. 
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the claims 1-14. 
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